Background Women treated with chest radiation for Hodgkin lymphoma (HL) are at significantly increased risk of breast cancer and cardiovascular disease. HL survivors are recommended to have annual dual screening with mammogram (MMG) and breast magnetic resonance imaging (MRI). They are also recommended to undergo echocardiogram (echo) 5 years after completion of radiation. We performed a pilot study to characterize the women who are and are not receiving proper dual screening for breast cancer and baseline echo, and to examine the impact of a LTFU clinic consultation on screening. Methods A retrospective chart review of 114 women treated for HL at University of Minnesota (UMN) between 1993 and 2009 was performed. Demographics, disease and treatment history (age at diagnosis, stage, radiation dose and field, chemotherapy, recurrence) were assessed, as well as screening practices (MMG, MRI, both and echo), participation in LTFU clinic, and recommendations from providers. Data was summated in yes/no (y/n) format; statistical analysis was performed using chisquared and Fisher's exact tests. Breast cancer and cardiovascular screening outcomes were compared by participation in the LTFU clinic (y/n) using Fisher's exact tests. P values < 0.05 were considered statistically significant. Results Forty-one of 114 women met inclusion criteria and had follow-up data for analysis. Median age at diagnosis was 29 years; 67.6% were diagnosed at stage IIa. Median dose of radiation was 3570 cGy. 56.1% participated in the LTFU clinic at the UMN. 36.6% had dual screening with both MMG and MRI, 41.5% had screening with only MMG, and 19.5% had no screening performed. Women were more likely to have dual screening if they were seen in LTFU clinic vs not seen in LTFU clinic (52.2 vs 16.7%, p = 0.02). 67.5% of women were screened with echo; women were also more likely to have screening with echo if seen in LTFU clinic vs not seen (86.4 vs 44.4%, p = 0.007). Conclusion Many women are not getting the proper dual screening for breast cancer despite their increased risk, with only 36.6% of our study sample getting dual screening. Having a consultation in a LTFU clinic increases dual screening for breast cancer and echo screening for cardiovascular disease. Proper screening allows for detection of secondary breast cancer at earlier stages where treatment can be local therapy. Diagnosing CV disease early could allow for proper preventative treatment or intervention.
Background
Hodgkin lymphoma (HL) is a disease that typically affects approximately 10,000 young adults and children annually, with cure rates exceeding 80% [1] . Improved treatment modalities with chemotherapy and radiation have resulted in larger cohorts of patients living without cancer yet with long-term and late effects of their cancer and cancer treatment. Many of these survivors suffer from late effects of their treatment including second cancers, cardiovascular disease, pulmonary disease, hypothyroidism, and gonadal dysfunction [2] .
Second cancers are a leading cause of morbidity and death in Hodgkin lymphoma survivors. The incidence of developing second cancers is 9-13% at 15-20 years and 18-26% at 30 years after completing therapy [3, 4] . The increased risk begins as soon as 8 years after chest radiation with the cumulative incidence of breast cancer increases as time from radiation increases, 13-20% incidence by age 40 to 45 [5] and a 35% incidence by age 50 [6, 7] . Other factors that influence risk of breast cancer in Hodgkin survivors include area of radiation and dose of radiation, with larger areas and higher doses being correlated to higher incidence of breast cancers [5, 7] as well as family history and other known risk factors [5] . The incidence of breast cancer in women treated with mantle zone radiation is similar to that of BRCA mutation [7] in which chemoprevention, aggressive surveillance and prophylactic mastectomies are often considered [8] . With the increased risk of breast cancer, current guidelines from the Children's Oncology Group (COG) and the National Comprehensive Cancer Network (NCCN) recommend screening with both mammogram (MMG) and breast MRI beginning at the age of 25 or 8 years post-therapy for women who received radiation to the chest before age 40 [9, 10] . Studies suggest the sensitivity and specificity of the screening modalities were as follows: for MRI alone, 80 and 93.5%, respectively; MMG alone, 70 and 95%, respectively; both modalities combined, 100 and 88.6%, respectively [11] . If these guidelines are followed, tumors are detected at earlier stages with no lymph node involvement, predicting improvements in overall survival [11, 12] .
Survivors of HL who were treated with radiation therapy are also at an increased risk of cardiovascular disease. The spectrum of complications is wide and includes coronary artery disease, congestive heart failure, vascular abnormalities, pericardial disease, conduction abnormalities and sudden cardiac death [13] . The risk of CV disease is estimated to be 17% by age 35 years [6] . While there is limited data regarding the best screening modalities for this subset of patients, the Children's Oncology Group (COG) recommends echocardiography by 5 years for cardiovascular disease screening and then at regular intervals [14] , while the National Comprehensive Cancer Network (NCCN) recommends a baseline stress echocardiogram at 10 years post-radiation [15] . Others recommend initial stress testing at 5 years post-radiation based on increased number of cardiovascular events between 5 and 10 years [16] .
Given the potential risk for these long term complications in Hodgkin lymphoma survivors, the Institute of Medicine (IOM) recommends that every cancer patient receive a survivorship care plan (SCP) that includes a detailed history of their cancer diagnosis and treatment, potential consequences, and screening recommendations for surveillance and follow-up care [17] . Long-term follow-up (LTFU) or survivorship clinics have started at many centers to help patients with this transition. Little data exists, however, on how LTFU clinic or receipt of a SCP impact screening practices. Using data from the University of Minnesota, our aim was to determine the utility of a LTFU clinic and receipt of a SCP in improving breast cancer and cardiovascular screening practices in high-risk female survivors of HL.
Methods

Study design and target population
With institutional review board approval, a retrospective review of 254 patients found in the registries at University of Minnesota Health (UMHealth) and associated Children's Hospital treated for Hodgkin Lymphoma between the years 1993 and 2009 was performed. Excluding males and patients who did not receive radiation to the chest resulted in 96 patients. Our final analysis included 41 individuals with data and follow-up in our system (Fig. 1) . All of these individuals met guideline criteria for dual breast cancer screening with breast MRI and MMG, based on radiation field including the chest. We excluded younger women < 25 years at the time of analysis not yet eligible for breast cancer screening per guidelines. Records were reviewed to determine age at diagnosis, stage of disease at diagnosis, radiotherapy doses and fields when available as well as risk factors for heart disease and breast cancer (Table 1) . Data on screening practices, as well as participation in a long-term follow-up clinic were reviewed as outlined below.
Primary outcome
Our primary aim was to determine the prevalence of proper breast cancer and cardiovascular screening in women seen in follow-up either by a primary care physician or in a specialized LTFU clinic for cancer survivors. Our secondary aim was to determine whether participation in a LTFU clinic impacted prevalence of screening. Proper screening practices were defined as annual dual screening with both MRI and MMG for breast cancer and screening echocardiography between 5 and 10 years after diagnosis per COG and NCCN guidelines [9, 10, 14, 15] .
Independent variables
Basic demographics (age) as well as disease characteristics (stage, age at diagnosis, use of chemotherapy, use of radiation) and other known risk factors for breast cancer and CV disease were obtained. Screening practices were defined as annual dual screening with both MRI and MMG as per recommended guidelines, those receiving only MMG screening, those who had received at least one breast MRI, and those who had not received any breast cancer screening. Characteristics were determined from documentation in physician and nursing notes, as well as demographics forms submitted by the patients to their providers, and actual imaging reports. Data was also collected on whether breast MRI was recommended by a clinician.
For CV screening, we defined the presence of cardiovascular disease screening as a hybrid of the COG and NCCN recommendations: screening echocardiography between 5 and 10 years after diagnosis. The Children's Oncology Group guidelines recommend the frequency of echocardiography based on cumulative dose of anthracycline received as well as the presence or absence of mantle radiation and age of treatment; the National Comprehensive Cancer Network recommends screening for cardiac disease with a stress echocardiogram at 10 years following the completion of chemotherapy and radiation. Women were considered to have recommended screening with at least one screening echocardiogram up to 10 years after diagnosis.
Statistical analysis
Patient demographics and clinical data were summarized and compared by whether they attended the LTFU clinic (yes, no) using chi-squared and Fisher's exact tests as appropriate. Breast cancer and CV screening outcomes were compared by participation in the LTFU clinic using Fisher's exact tests. P values < 0.05 were considered statistically significant.
Results
Patient demographics Forty-one women met inclusion criteria and had follow-up data for analysis. 56.1% participated in the LTFU clinic. Table 1 reports selected demographics and disease characteristics and treatment. Overall the majority were diagnosed at stage IIa (67.6%). Median dose of radiation was 3570 cGy (2040-4500 cGy). Between the cohorts, patients did not differ by stage at diagnosis, year of diagnosis, treatment with chemotherapy, dose of radiation. Patients did differ by age at diagnosis and field of radiation, with those attending the LTFU clinic being more likely to have a younger age at diagnosis of HL (24 vs 36.5 years; p = 0.001) and to have received mantle field radiation (69.6 vs 16.7%; p = 0.0004) as opposed to involved field or unspecified chest radiation. Table 2 reports the breast cancer screening practices of the women not seen and those seen in LTFU. Among all women, 80.5% had some breast cancer screening performed seen (77.8% no LTFU vs 82.6% LTFU; p = 0.71). Regardless of follow-up location, 48.8% of women had at least one MRI, and 36.6% were undergoing recommended annual dual screening with both MMG and MRI. Women seen in LTFU consultation were more likely to have had any MRI performed (69.6 vs 22.2%; p = 0.003) and were more likely to undergo recommended annual dual screening (52.2 vs 16.7%; p = 0.02). 55.6% of the women not seen in LTFU consultation received MMG screening alone as compared to 30.4% of those seen in LTFU (p = 0.11). MRI was more likely to be recommended by a LTFU clinic provider (91.3 vs 44.4%; p = 0.002), than by those having their follow-up care either through their primary care practitioner or by their primary treating oncologist.
Breast cancer screening
Reasons documented for not obtaining MRI included the following: no insurance and high cost of MRI, pregnancy or breast feeding when due for screening, or canceled LTFU clinic appointments. One woman had dual screening, received a biopsy which returned benign and decided against aggressive screening. One primary care provider had received the consultation note from the LTFU provider but did not encourage dual screening to the patient, who ultimately only had MMG screening. Cardiovascular screening Among all women in the final analysis, 67.5% were getting CV screening. Women seen in LTFU consultation were more likely to have CV screening with an echocardiogram up to 10 years after completion of HL treatment (86.4 vs 44.4%; p = 0.007).
Discussion
Women who have received radiation to the chest are at increased risk of breast cancer and cardiovascular disease, however many patients and many primary care physicians do not know of this increased risk [18] [19] [20] [21] . We investigated if participation in a LTFU clinic had an impact on screening rates. This is one of the first studies to compare screening practices of a cohort of patients followed in the same medical system by participation in LTFU clinic. There were several notable findings. First, the prevalence of breast cancer screening overall was similar to that of the general population, at 80.5% [5] . For these high-risk women in which dual screening is recommended by the national cancer organizations Children's Oncology Group and National Comprehensive Cancer Network, only 36.6% of these women were undergoing recommended annual dual screening with MMG and MRI. Participation in a LTFU clinic did increase screening rates, with 52.2% having the recommended annual dual screening and 91.3% receiving the recommendation to have a screening MRI as compared to 16.7 and 44.4%, respectively, in those not seen in LTFU. Notably, MRI was more likely to be recommended by a LTFU clinic provider than either primary oncologist or primary care physician, which likely impacted the screening rates. Early breast cancer screening is important for long term survival, and breast MRI improves the sensitivity of early breast cancer detection in women treated with chest radiation for HL [11] . Ng et al. found that the addition of breast MRI to MMG led to improvement in the sensitivity of breast cancer detection from 68 to 94% [22] . Early detection is important to increase the odds of cure, and to decrease the morbidity and mortality from treating advanced stage breast cancer, particularly in women who have already undergone potentially treatment limiting doses of chemotherapy or radiation. Our study demonstrates that most women are receiving some breast cancer screening. However, it appears there continues to be a barrier to understanding that Hodgkin lymphoma survivors who have received chest radiation are at high risk for breast cancer and should not be receiving Baverage^risk breast cancer screening recommendations with mammogram alone. If these guidelines for high-risk breast cancer screening are followed, tumors are detected at earlier stages, predicting improvements in overall survival [11] .
Cardiovascular disease is increased among Hodgkin lymphoma survivors who have received mantle radiation. There appears to be a general understanding of the risk of cardiovascular disease in this population with 67.5% of all subjects receiving some screening. There was still a significantly increased prevalence of screening for cardiovascular disease for women seen in LTFU consultation. The higher rates of CV screening when compared to breast cancer screening could be explained by our definition of CV screening. CV screening requires a onetime imaging test compared to annual screening for breast cancer. We also used a hybrid recommendation of 5-10 years after completion of radiation treatment for HL, using a stricter timeline of 5 years would likely have revealed a lower rate of CV screening. It is also possible that given Hodgkin lymphoma patients often receive cardiac screening during cancer treatment due to anthracycline use, there may be more generalized awareness about cardiovascular disease. In this limited study, we were unable to comment on other cardiovascular screening measures such as blood pressure, lipid, and blood sugar management.
The transition from cancer patient to cancer survivor presents an opportunity for the health care community to provide patients education on their disease and risks for late effects of their treatment. Survivorship care plans and LTFU clinic consultations can help support this transition. The Institute of Medicine is recommending every patient be provided with a summary of their cancer treatment and recommendations for follow-up care in the form of a survivorship care plan. In our system, patients seen in a LTFU clinic 5 years after their treatment receive a SCP as well as counseling regarding long term screening. In this specialized setting, it appears the increased expertise and awareness in survivorship guidelines allow for more guideline specific care. However, there still appear to be barriers in following recommended guidelines. For example, while 91% of those seen in a LTFU received a recommendation to obtain a breast MRI, only 69.6% had actually received an MRI. Some of these barriers appeared to be lack of insurance coverage, an opposing recommendation from a primary care physician, and cost of MRI. Further work needs to be done to better understand and overcome these barriers. At our institution during the time of this study, patients 5 years out from cancer diagnosis and treatment were referred by their primary oncologist to our LTFU clinic for cancer survivors. At that appointment, survivors receive a survivorship care plan, and counseling regarding late effects from their cancer therapy, as well as best screening practices for this patient population. Currently, we are in the process of automating this referral process so that all patients completing curative intent treatment will receive a survivorship care plan and consultation both at the completion of curative intent therapy and then again at 5 years.
There were several limitations to this pilot study. First, it was a retrospective chart review, which relies heavily on proper documentation by providers, as well as self-reports from patients on their screening practices when their MMGs were not performed through our system. This was also a small sample size, as many women were referred from neighboring areas without major medical centers, and they did not receive their follow-up care in our system. Despite these limitations, this pilot investigation provides preliminary evidence that LTFU consultation and SCPs are important in improving screening practices for secondary disease in Hodgkin lymphoma survivors.
In conclusion, consultations in a LTFU clinic can have a large impact on improving screening rates for secondary complications like breast cancer and cardiovascular disease in Hodgkin lymphoma survivors treated with mantle radiation. These findings can provide a foundation for further investigations regarding impact of LTFU clinic consultation on patients' perceived risks and satisfaction as well as primary care physicians' knowledge of late effects. Finally, further work is needed to better understand how to provide LTFU clinic consultations and SCPs in a cost-effective manner.
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